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Introduction 


The  Bcl-2  family  proteins  are  key  regulators  of  apoptosis.  Bid,  a  pro-apoptotic  member 
of  the  Bcl-2  family,  induces  apoptosis  through  its  Bcl-2  homology  3  (BH3)  domain.  The 
Bid  BH3  peptide  is  able  to  induce  apoptosis  in  cancer  cells  when  it  is  linked  to  a 
membrane  permeable  peptide.  A  breast-homing  peptide,  CPGPEGAGC,  is  shown  to 
specifically  target  breast  tissue.  This  project  aims  to  design  and  test  a  novel  therapeutic 
peptide  for  breast  cancer,  which  with  three  properties:  membrane  permeable,  breast 
targeting,  and  inducing  apoptosis. 

The  project  was  initially  delayed  for  about  four  months  because  of  the  difficulties  to 
recruit  post-doc  associate  or  graduate  students  to  carry  out  experiments  (the  PI  is  a  new 
investigator,  who  recently  established  his  own  lab  in  early  2004).  Then,  after  a  few 
months  working  for  the  project,  the  graduate  student  (Binfeng  Xia)  left  the  university  to 
south  Carolina.  A  new  graduate  student  (Tianying  Zhu)  joined  the  project  recently  to 
continue  the  experiments.  Due  to  these  delays,  a  request  for  no-cost  extension  of  one 
more  year  was  submitted  by  the  PI  and  approved  by  the  Department  of  Defense  grant 
office.  This  is  an  annual  report  instead  of  the  final  report. 

Progress  report 

In  the  first  step,  we  have  synthesized  the  breast-targeting,  membrane  permeable,  pro- 
apoptotic  peptide.  The  BH3  peptide  of  Bid  (EDIIRNIARHLAQVGDSMDR)  has  been 
synthesized  with  eight  arginine  residues  at  the  N-terminus  linked  by  a  glycine  linker 
residue,  followed  by  a  breast-homing  sequence  (CPGPEGAGC)  at  the  C-terminal.  A 
control  peptide  with  a  mutation  in  the  BH3  domain  was  also  synthesized,  r8-BH3(L/E)- 
CPGPEGAGC.  Next,  we  have  tested  the  therapeutic  efficacy  of  the  peptide  in  treatment 
of  breast  cancer.  The  peptide  was  tested  for  apoptosis  induction  in  cultured  breast  cancer 
MCF-7  cells.  Cells  were  treated  with  various  concentrations  of  peptide  ranging  from  1 
pM  to  100  jiM  for  24  hours.  Apoptosis  induction  was  detected  by  TUNEL  assay  using  a 
GUAVA  PCA  microcytometer.  Unfortunately,  this  peptide  failed  to  induce  apoptosis  in 
MCF-7  cells  at  these  tested  concentrations  (Figure  1).  It’s  not  practical  to  increase  the 
concentration  above  100  pM,  since  higher  concentration  will  not  be  achieved  in  vivo  in 
mice  or  in  clinic.  We  are  examining  whether  the  peptide  has  entered  the  cells  by  western 
blotting  and  confocal  microscopy  using  a  polyclonal  antibody  raised  against  Bid  BH3 
domain  (Abgent,  San  Diego,  CA).  To  overcome  this  problem  and  improve  the  apoptosis 
inducing  ability,  we  have  designed  an  alternative  peptide,  which  has  similar  design  and 
predicted  functions  but  with  stronger  apoptosis  inducing  capability.  The  new  peptide  has 
a  hydrocarbon-stapled  BH3  helix,  produced  by  ruthenium-catalyzed  olefin  metathesis  (1). 
This  “stapled”  BH3  peptide  has  been  shown  to  have  enhanced  apoptosis-inducing  activity 
and  also  is  cell  permeable.  Thus,  the  eight  arginine  residues  are  no  longer  needed.  The 
breast-homing  sequence  (CPGPEGAGC)  will  be  added  at  the  C-terminal.  This  new 
peptide  will  then  be  tested  for  apoptosis  inducing  activity. 
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Figure  1.  The  peptide  failed  to  induce 
apoptosis  in  MCF-7  cells.  Cells  were 
treated  with  various  concentrations  of  the 
peptide  for  24  hours.  Apoptosis  was 
examined  by  TUNEL  assay.  Treatment 
with  1  pM  Staurosporin  (STS)  was  used  as 
a  positive  control  for  apoptosis. 


Key  research  accomplishments 

The  originally  designed  BH3  peptides  have  been  synthesized  and  tested  for  in  vitro 
apoptosis-inducing  activity.  The  peptide  failed  to  induce  apoptosis  in  breast  cancer  MCF- 
7  cells.  A  new  peptide  with  improved  activity  has  been  designed  and  being  produced. 

Reportable  outcomes 

None. 


Conclusions 

We  have  synthesized  the  proposed  peptides  and  tested  the  peptides  in  cultured  breast 
cancer  cells  for  induction  of  apoptosis.  However,  the  peptide  has  no  apoptosis-inducing 
activity  in  the  current  design.  New  strategy  is  proposed  and  being  tested  to  enhance  the 
apoptosis-inducing  activity  of  the  peptide. 


References 

1.  Walensky  LD,  Rung  AL,  Escher  I,  Malia  TJ,  Barbuto  S,  Wright  RD,  Wagner  G, 
Verdine  GL,  Korsmeyer  SJ.  2004  Activation  of  apoptosis  in  vivo  by  a  hydrocarbon- 
stapled  BH3  helix.  Science,  305(5689):  1466-70. 


5 


